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conﬁrmed on bone tissue biopsies clearly indicating that this chemokine
is inﬂuenced by the bone milieu and by the evolution of the disease.
133 MODULATION OF THE SYNTHESIS OF OSTEPROTEGERIN
AND RECEPTOR ACTIVATOR OF THE NF-KB LIGAND IN THE
SUBCHONDRAL BONE OF RABBITS WITH OSTEOPOROSIS
AND OSTEOARTHRITIS
R. Largo1, M. Bellido1, S. Castan˜eda2, E. Calvo1, L. Lugo-Garcı´a1,
G. Herrero-Beaumont1. 1Joint and Bone Research Unit. Fundacion
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Purpose: We have previously found that prior subchondral osteoporosis
(OP) increases the severity of cartilage damage in an experimental model
of osteoarthritis (OA) in rabbits. The aim of this study was to determine the
changes in the synthesis of osteoprotegerin (OPG) and receptor activator
of the NF-kB ligand (RANKL) in the subchondral bone of rabbits with a
combined model of OP and OA. We also compared these changes with
the bone mineral density (BMD) and the serum biochemical markers of
bone turnover.
Methods: Eighteen NZW rabbits (8 months old) underwent bilateral OVX
and subsequent parenteral methylprednisolone administration (1mg/kg/d)
for 4 weeks to induce OP (OP group). Nine age and gender matched
animals were used as controls (Control group). OA was simultaneously
induced by anterior cruciate ligament transection and partial medial
meniscectomy in the left knees of all the rabbits. 22 weeks after OVX
surgery, all the animals were sacriﬁced and then the left knees were
considered osteoarthritic (OA) or osteoarthritic plus osteoporotic (OPOA),
and the right knees were used as OP or healthy controls, respectively.
Bone mineral density (BMD) was measured by dual energy X-ray absorp-
tiometry (DXA) at baseline and 22 weeks after OVX (Hologic ® QDR-
1000) at lumbar spine (L3-L4, LS), global knee (gK) and subchondral
bone of the knee (sK). At sacriﬁce, we isolated total proteins from the sub-
chondral bone of the knees in order to evaluate OPG and RANKL protein
synthesis by western-blot. Serum concentrations of alkaline phosphatase
(AP) and tartrate-resistant acid phosphatase (TRAP) were measured by
enzymatic assays.
Results: At earlier as 6 weeks after OVX, OP rabbits showed a sig-
niﬁcant decrease in BMD, both at LS, gK and also at sK (p< 0.05
vs. controls at the three locations) that was maintained during all the
period of study. At sacriﬁce, subchondral bone of OP rabbis showed
a signiﬁcant decrease in BMD when compared to controls (0.54±0.02
vs. 0.66±0.02mg/cm2, p< 0.001). At this time of study, serum TRAP
concentration was signiﬁcantly higher in OP rabbits when compared to
controls (106±6 vs. 59±3mM, p=0.003), while no differences were found
in serum AP concentration between these groups (25±3 vs. 27±3mM,
p=NS). Subchondral bone OPG synthesis was signiﬁcantly decreased
both in OP and in OPOA knees when compared to healthy controls
(Controls: 1.0±0.1; OP: 0.54±0.0.3*; OA: 0.78±0.07; OPOA 0.56±0.02*
arbitrary units; *p< 0.05 vs. controls), while RANKL protein synthesis only
increased in OPOA when compared to controls (Controls: 1.0±0.14; OP:
1.32±0.09; OA: 1.4±0.34; OPOA: 1.87±0.14*, arbitrary units; *p< 0.05
vs. controls). Thus, OPG/RANKL ratio was signiﬁcantly higher both in
OP and in OPOA when compared to controls. OPG/RANKL ratio was
also signiﬁcantly higher in OPOA rabbits when compared both with OA
and with OP groups. Moreover, we found a statistically signiﬁcant positive
correlation between OPG/RANKL protein synthesis ratio and subchondral
bone BMD.
Conclusions: Our data showed that the decrease in the OPG/RANKL
ratio is associated to an increased bone resorption and a decreased bone
density in the subchondral bone of osteoporotic rabbits. Our data support
the hypothesis that the increase in the subchondral bone remodelling
might trigger articular cartilage damage.
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Purpose:While subchondral bone is thought to have an important role in
OA progression, subchondral bone attrition (SBA) as detected by x-rays
was traditionally thought to be a late ﬁnding in OA. However, SBA can
be seen on MRI even in early OA, and may be related to mechanical
and systemic factors which can contribute to altered properties of sub-
chondral bone and OA progression. For example, focal loading related to
malalignment, or presence of low bone density may predispose to SBA.
We evaluated the effects of malalignment as a determinant of load across
the knee and bone density as a systemic indicator of bone strength on
the presence and incidence of SBA.
Methods: The Multicenter Osteoarthritis (MOST) Study is a NIH-funded
longitudinal observational study of individuals who have or are at high risk
for knee OA. Alignment was measured on baseline PA long-limb ﬁlms at
the knee and categorized as neutral (179–181º), varus (181º). BMD of
the right femoral neck (g/cm2) was assessed (Hologic 4500A) at baseline
and categorized into age- and sex-speciﬁc tertiles. At baseline and 30-
month follow-up, participants had knee MRIs performed (1.0 T; axial and
sagittal proton density fat suppressed and coronal STIR sequences).
MRIs were graded using WORMS in 5 subregions within each of the
medial and lateral tibiofemoral (TF) compartments (central, posterior
femur; anterior, central, posterior tibia) for SBA (0−3). A knee was eligible
for the incident SBA analysis if SBA score = 0 in all subregions within a
compartment at baseline. We evaluated the association of alignment and
BMD with baseline presence of SBA (score 1 in any subregion within
the compartment of interest) and incident SBA (any score increase from
0 at baseline in any subregion within the compartment of interest) using
logistic regression for the medial and lateral TF compartments separately.
GEE was used to account for correlations between knees within a subject.
All analyses were adjusted for age, sex, and BMI, and analyses including
BMD were additionally adjusted for bone-modulating medication use.
Results: There were 999 participants (1063 knees) with measures avail-
able for analyses (mean age 63, mean BMI 30.2, 63% female). Baseline
SBA was present in 36%, and 50% had knee OA. Results in the Table
demonstrate an association between presence of and incident SBA with
varus alignment in the medial compartment, and with valgus alignment
in the lateral compartment. Low BMD was not associated with SBA.
Table 1: Association of alignment and BMD with baseline presence of subchondral bone attrition,
and with incident subchondral bone attrition over 30 months
Adjusted ORs (95%CI)
Baseline presence of SBA Incident SBA
Medial
compartment
(1063 knees)
Lateral
compartment
(1063 knees)
Medial
compartment
(706 knees)
Lateral
compartment
(872 knees)
Alignment1*
Neutral (30%) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Varus (50%) 3.2 (2.2−4.6) 0.5(0.3−0.9) 1.9 (1.0−3.6) 0.4 (0.1−1.1)
Valgus (20%) 0.5 (0.3−0.9) 4.0 (2.5−6.6) 0.5 (0.2−1.2) 1.9 (0.7−5.1)
BMD2**
Lowest tertile 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref
Middle tertile 1.2 (0.8−1.7) 1.5 (0.9−2.5) 1.4 (0.7−2.8) 1.5 (0.4−5.7)
Highest tertile 1.1 (0.7−1.4) 1.4 (0.8−2.3) 1.7 (0.9−3.5) 4.7 (1.5−15.1)
1Adjusted for age, sex, BMI; 2Adjusted for age, sex, BMI, use of bone-modulating agents; *Align-
ment categories as follows: Neutral = 179–181º, Varus 179º, Valgus 181º; **BMD categorized
into age- and sex-speciﬁc tertiles based on femoral neck BMD.
Conclusions: Presence and incidence of SBA are associated with
malalignment, but not lower bone density. SBA is thus likely a marker
of increased load experienced by overlying cartilage, and may in turn
contribute to increased forces transmitted to the cartilage due to altered
properties of subchondral bone related to SBA.
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Purpose: The objective of the present study was to investigate the effects
of intraarticular injection (IAI) of hyaluronan (hyaluronic acid, HA) and
mechanical stress on osteoblasts isolated from osteoarthritic subchondral
bone.
Methods: Exp.1; Osteoarthritis (OA) was induced in the left knee joints
of Japanese white rabbits (3 kg) by performing transection of anterior
cruciate ligament (ACLT). One week after the ACLT, ﬂuorescent labeled
HA (0.3mg/0.3ml) was administrated into the knee joints. The femur and
tibia were resected from the joints a week after the administration. Sam-
ples were ﬁxed in 4% paraformaldehyde and decalciﬁed with KalkitoxTM.
Cryosections were observed with a ﬂuorescence microscope. Exp. 2; OA
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subchondral bone from the distal end of the femur was harvested at total
knee arthroplasty. The subchondral bone underlying the articular cartilage
was cut into small pieces and incubated in DMEM for 3 weeks, and then
osteoblasts were isolated. The monolayer cultured cells were divided into
4 experimental groups. Control group: cultured without stimulation, HA
group: incubated with HA (1000mg/ml, 48 hours), IHP group: applied
intermittent hydrostatic pressure (IHP) (1/2Hz, 5MPa, 60 minutes), and
HA+IHP group: incubated with HA followed by IHP. Total RNA were
extracted and mRNA expression was examined by real-time RT-PCR for
matrix metalloproteinase-13 (MMP-13).
Results: Exp.1; As a histological ﬁnding of the HA injected knee joints,
ﬂuorescence was observed not only at the surface of articular cartilage,
but also at subchondral bone cavity. Especially, strong ﬂuorescence could
be seen at subchondral bone cavity. Exp. 2; The mRNA expressions
of MMP-13 in the HA, the IHP and the HA+IHP groups were reduced
to 63.3±56.4, 70.7±43.2 and 37.7±30.6 (%) compared to those in the
control group respectively (Figure 1). In the HA+IHP group, MMP-13
mRNA expression was suppressed signiﬁcantly (p< 0.05).
Conclusions: The role of subchondral bone attracts attention in the onset
and/or progression of OA. We previously reported that the expression of
MMP-13 enhances in human osteoarthritic subchondral bone. IAI of HA is
now widely utilized in the treatment of OA. Most previous studies investi-
gated cartilage and/or synovium to clarify the mechanisms of therapeutic
effect of HA, while few studies focused on subchondral bone. In this study,
ﬂuorescent labeled HA injected into knee joints were shown to reach
subchondral bone cavity as well as articular cartilage. This result suggests
that IAI of HA may affect biologically on the subchondral bone. On the
other hand, it was reported that hydrostatic pressure has inﬂuences on
bone metabolism and cytokine expression. The enhanced expression of
MMP-13 in osteoarthritic subchondral bone was signiﬁcantly suppressed
by HA in combination with IHP. IAI of HA and appropriate exercise could
modulate gene expression in subchondral bone of OA patients.
Figure 1. Inhibitory effect of HA and IHP on MMP-13 expression in
osteoblasts isolated from osteoarthritic subchondral bone. In the HA+IHP
group, expression of MMP-13 mRNA was signiﬁcantly suppressed
(p< 0.05).
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Purpose: As a diabetic complication, the increase of delayed union, non-
union or pseudarthrosis of fracture is reported. Moreover, the disorder in
the stem cell of bone marrow is also pointed out as a cause of diabetic
complication. The purpose of the present study is to investigate the
pathogenesis of the impairment in fracture healing using streptozotocin
(STZ)-induced diabetic mice model.
Methods: For bone marrow transplantation (BMT), C57BL/6 mice were
irradiated (9Gy) at 8 weeks of age and injected with 4×106 bone marrow
cells isolated from C57BL/6-EGFP mice. Four weeks after BMT, diabetes
was induced by intra venous administration of STZ (150mg×kg−1 in
mice). The negative control group received BMT similarly, but was injected
with sodium citrate buffer. For both groups, the blood glucose level
was studied 2 weeks after the injection and the standardized closed
fracture model were created. They are evaluated with photoradiogram and
histomorphological analysis at the 1, 2, 3, and 5 weeks after procedure.
Results: In the STZ group, callus formation was delayed and its amount
was decreased by photoradiogram. In the histological evaluation, re-
modeling retardation of the hypertrophic cartilage to the woven bone
during the enchondral ossiﬁcation was seen in two and three weeks
after procedure. By the bone histomorphometric analysis, absorption
parameter (ErS/BS, OcS/BS) is decreased signiﬁcantly in the STZ group
compared to the control group, although there were no signiﬁcant dif-
ferences between the two groups in those other parameter containing a
mineralizing rate.
The number of osteoclast was not different but the size was signiﬁcantly
smaller in the STZ group than the control group. In terms of a confocal
laser scanning microscope, most osteoclasts were GFP-positive exhibit-
ing to be transplanted bone-marrow origin while few osteoblasts were of
the transplanted bone-marrow origin.
Conclusions: The absorption parameter decreased in the STZ group,
suggesting the functional disorder of the osteoclast and chondroclast
which were transplanted-bone-marrow origin. It is likely that the remod-
eling course, by which the hypertrophic cartilage cells differentiated into
the woven bone and the lamellar bone, has been impaired. In the present
study, there was no signiﬁcant difference between two groups neither in
bone formation nor in the mineralizing rate.
However, it may not reﬂect the functional disorder of the stem cell level
because many osteoblasts were GFP-negative and exhibited not to be
transplanted bone-marrow origin.
137 TIBIAL PLATEAU PROXIMAL AND DISTAL BONE BEHAVE
SIMILARLY: BOTH ARE ASSOCIATED WITH FEATURES OF
KNEE OSTEOARTHRITIS
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Purpose: There is a growing imperative to understand how changes in
peri-articular bone relate to pathological progression of knee osteoarthri-
tis (KOA). Peri-articular bone density can be measured using dual x-ray
absorptiometry (DXA). The medial:lateral tibial BMD ratio (M:L BMD)
is associated with MRI and x-ray features of KOA, and abnormal knee
alignment (a factor in KOA progression). However, observations suggest
that the processes differ between the subchondral bone and deeper
trabecular bone. We contrasted the construct validity of M:L BMD ratios
derived from different regions of interest in the peri-articular bone.
Methods: This was a convenience sample of enrollees in a trial of vita-
min D for KOA. All participants had PA weight-bearing knee radiographs,
knee DXA scans and 1.5 Tesla MRIs of their study knee.
We calculated overall M:L BMD using a region of interest (ROI) depth of
2 cm. We determined proximal M:L BMD using the proximal 1 cm of the
aforementioned ROI and distal M:L BMD, measuring the distal 1 cm.
X-rays were scored for Kellgren/Lawrence grade (0−4) and anatomic
alignment (ICC=0.99). To convert the anatomic alignment to mechanical
axis (MA), in women 3.5 degrees were subtracted from the anatomic
alignment and in men 6.4 degrees. Varus was deﬁned as an MA 178.
Extent of full cartilage thickness loss in the tibiofemoral compartments
(TF) was read on MRI using the BLOKS scoring method.
We performed logistic regression with case-based tertiles of M:L BMD as
predictors and moderate-severe full cartilage thickness loss in the medial
TF compartment as the outcome. These tertiles of M:L BMD were also
used to predict K/L 3 or 4 as well as mechanical alignment. We repeated
the analyses with the proximal M:L BMD and the distal M:L BMD as
predictors. We contrasted the strengths of association of the different
measures with those features of KOA.
Results: Participants (N=99) had a mean age of 63.8 (±8.6) and BMI
of 30.5 (±5.4); 64.7% were female. Proximal M:L BMD most strongly
associated with features of KOA (Table). Distal M:L BMD showed similar
associations but point estimates were smaller.
